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ABSTRACT 
 The City of Victoria is a small town of approximately 1,200 people situated in 
Central Kansas. Along with other communities in Kansas, recent drought has made the 
issue of water quality and availability a pressing concern with local officials. This city 
relies heavily on the use of ground-water wells located south of the town near the Big 
Creek channel. It is the purpose of this study to define the hydrogeological conditions 
effecting the City’s well field, and in turn apply this information to define an area of 
influence and outline potential hazards for the well field.  
Utilizing previous studies, along with hydrographs, water table contours, 
lithologic logs, a geologic cross-section, watershed analyses, and several aquifer pump 
tests, a more detailed source water assessment area has been identified. This new 
assessment area shows the extent of land that has the potential to influence the City’s 
well field, either by runoff or recharge into the aquifer. Within this assessment area, areas 
of immediate influence have been identified for several individual wells. Finally, land 
coverage was evaluated for areas within the proposed source water assessment area.  
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INTRODUCTION 
In January of 2014, a geological consultant contacted the Fort Hays State 
University Department of Geosciences and suggested a possible research application for 
the City of Victoria’s water supply well field in Ellis County, Kansas. The need for this 
project arose from growing concerns regarding the city’s water quality and the recent 
drought conditions within the region (NOAA, 2014). It has been suggested that the City 
of Victoria will benefit from having an updated Source Water Protection Plan (SWPP) 
which will contribute to the protection and sustainability of their water resources. This 
SWPP will take into account all of the influences directly effecting the well field and will 
designate a protection zone around each well.  
Background Information 
 In some portions of Kansas, recent drought conditions and water depletion have 
led to growing concerns regarding groundwater supplies and sustainability.  According to 
the U.S. National Drought Outlook Map produced by the NOAA Climate Prediction 
Center on April 17th, 2014, the majority of western Kansas lies in an area of drought 
which will ‘persist or intensify’ (NOAA,2014). This grim outlook illustrates that drought 
is not only a current issue affecting Kansas, but one which will have far reaching 
implications.  Adding to this outlook, it is known that sections of the Great Plains 
experience a pattern of harsh, intermittent rainfall events that have a low predictability 
(Poff and Ward, 1989). These extreme events can result in pollution runoff from 
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agricultural practices often seen in the Great Plains (Dodds et al., 2004). With all of these 
factors potentially affecting water supplies in Kansas, the importance of water 
conservation and protection are vital to sustaining water resources.  
 In 1996, amendments were made to the Safe Drinking Water Act (EPA, 1996) 
which established the Environmental Protection Agency’s (EPA) Source Water 
Assessment and Protection Programs (SWPP). The EPA defines a source water 
assessment as a “study that defines the land area contributing water to each public water 
system, identifies the major potential sources of contamination that could affect the 
drinking water supply, and then determines how susceptible the public water supply is to 
this potential contamination” (EPA, 2002). A total of six steps are laid out forming the 
basis of comprehensive drinking water source protection: 1.) delineation of the Source 
Water Assessment Area (SWAA), 2.) inventory the known and potential sources of 
contamination, 3.) determine the susceptibility of risks, 4.) notify and involve the public, 
5.) implement management measures, and 6.) develop contingency planning strategies 
(EPA, 2002). 
 The SWPP laid out by the EPA requires each state to submit a SWAA for each 
municipal water supply (Macfarlane, 2003).  In order to comply with this requirement, 
the Kansas Department of Health and Environment (KDHE) started the assessment 
process by contracting the engineering firm of Burns and McDonnell in 2001 to complete 
a Source Water Assessment for the state. An automated source water assessment tool was 
created to inventory possible contamination, evaluate risks, and define protection zones 
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for individual wells. Within this system, a groundwater well has three buffer zones (A, B, 
and C). Zone A is a 100-foot radius, Zone B is a 2,000-foot radius, and Zone C is a 2-
mile radius (KDHE, 2004). Contamination assessment questions were provided for each 
well with specific emphasis given to these buffer zones. 
 Although this automated tool provided results that comply with the SWDA of 
1996, further participation was implied in order to complete a Source Water Protection 
Area Delineation. The Source Water Assessment performed by the KDHE was intended 
to be a tool which should be used to complete source water protection plans on a 
voluntary basis in a partnership among the KDHE, the water supplier, and technical 
assistance providers (Macfarlane, 2003). Acting as a “technical assistance provider”, it is 
the purpose of this study to compile and document hydrogeological data which can later 
be utilized in a comprehensive Source Water Protection Plan for the town of Victoria in 
Central Kansas.  
Study Site 
Located on the eastern side of Ellis County, Kansas the City of Victoria has a 
population of approximately 1,200 people (U.S Census Bureau, 2014). Victoria relies 
heavily on its groundwater well field consisting of seven wells located approximately 5 
miles directly south of the town (Figure 1). The wells lie in two sections in southeastern 
Ellis County (Township 15S, Range 17W, Section 1 and Township 14S, Range 17W, 
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Section 36).  Near the Big Creek channel, these wells serve as the bulk supply for the 
City’s municipal water. 
Big Creek is a river system which lies in west-central Kansas and serves as a 
principle water source for many towns. These communities lie within the Big Creek 
Watershed and extend spatially from portions of Gove County, through Trego, Ellis, and 
Russell counties. A watershed is defined as “An area of land that catches precipitation 
and funnels it to a particular creek, stream, or river until the water drains into an ocean. It 
has distinct elevation boundaries that do not follow political lines and can cover a few 
acres to thousands of square miles” (BCMSHRW 9, 2011). 
Containing the waters of Big Creek, Big Creek North, and their tributaries, the 
Big Creek watershed originates in Gove County and travels eastward for 321 stream 
miles and contains 860.8 square miles of land. The well field lies near Big Creek’s 
floodplain and the wells follow a small drainage north up to higher elevations (Figure 2). 
Land use within the watershed is predominately agriculture-based with 53.7% cropland, 
28.3% grassland/rangeland, 9.0% urban, 8.3% open water, and 0.7% as wetlands and 
wooded areas (BCMSHRW9, 2011). Locally, land use is predominately cropland with 
some rangeland crossing through the well-field (Figure 3). 
Previous Work 
Although several engineering investigations have been performed regionally, 
specific research has been limited in the local area near Victoria’s well-field. Several 
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exploratory attempts have been made by the City, with each attempt often including some 
test well drilling. Even though this information is valuable to this study, the accuracy of 
some information gathered could be considered as insufficient or incomplete. Obsolete 
drilling practices, inadequate well logs, and inaccurate location descriptions are some of 
the problems associated with previous work done in the study area.  
The most relevant and reliable research completed for this portion of Big Creek in 
eastern Ellis County has been conducted by Leonard and Berry in 1961 (KGS Bulletin 
189). This report, titled “Geology and Ground-water Resources of Southern Ellis County 
and parts of Trego and Rush Counties, Kansas,” describes the subsurface geology in 
relation to groundwater for this particular area of Central Kansas. 
GEOLOGIC FORMATIONS 
 Geology plays a major role when identifying groundwater sources and storage. 
Underlying the well field, several geologic formations contain water-bearing layers and 
could be of economic importance to the City. An aquifer is a rock formation, bed, or zone 
that contains water that is available to wells (Leonard and Berry, 1961). River-bed 
alluvium is currently providing water to several of the wells currently in place. According 
to city staff, terrace deposits are assumed to be producing water at higher elevations away 
from the river. Also of importance, deeper underlying aquifers are producing water 
within the region. The complexity and financial implications of water production means 
that a thorough understanding of the subsurface geology is necessary. 
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 The major geology found near the well field consists of sedimentary rocks which 
have formed as far back as the Early Cretaceous. Several water-bearing formations have 
been identified by previous studies and directly impact water production for the City of 
Victoria (Leonard and Berry, 1961). Only geologic formations of importance will be 
discussed in detail. The oldest rocks of significance to this study are from the Early 
Cretaceous Dakota Formation. Stratigraphically younger units of significance are the 
Carlile Shale, Pleistocene terrace deposits, and Recent alluvial deposits.  
Dakota Formation 
The Dakota Formation is named after an outcrop near Dakota City, Nebraska and 
lies between the Kiowa Shale and the Graneros Shale (Meek and Hayden, 1862) 
(Leonard and Berry, 1961). The Dakota Formation consists of varied colored clays with 
lenticular sandstone bodies present. Iron pellets and limonite concretions are also 
distinguishing characteristics of the Dakota Formation (Plummer and Romary, 1942) 
(Leonard and Berry, 1961).  
Lying between marine shale deposits, the Dakota Formation likely formed as 
fluvial deposits on the mainland or close to the shore. Deposits vary but have been 
reported to be 200 to 300 feet thick within the region (Frye and Brazil, 1943). The 
lenticular sandstone bodies that interlace throughout the silt layers consists of thin bedded 
to massive deposits with some ripple marks. The majority of the sandstone rock is fine 
grained with some being loosely cemented with limonite or tightly cemented with 
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calcium carbonate, silica, or iron. The sandstone lenses vary in size, with some as being 
several miles in length. Hydraulic connection between sandstone lenses vary and is 
confined to localized areas (Leonard and Berry, 1961). The lenses may be present as 
stacked features within the rock column and as many as six separate sandstones may be 
present at one locality (Frye and Brazil, 1943) (Leonard and Berry, 1961). This formation 
does yield a substantial amount of water to the area, however, it underlies the well-field 
and no production wells are currently completed in the formation. The Dakota Formation 
has the potential, nevertheless, to be economically significant for future resource 
development. The City of Victoria has installed two cased test holes into the Dakota 
Formation within the well field. The water, however, is too saline to use. The Graneros 
Shale and Greenhorn Limestone Formations are present stratigraphically above the 
Dakota Formation but do not pertain the scope of this study. 
Carlile Shale 
 The Carlile Shale was first named by Gilbert in 1986 after an outcrop near 
Pueblo, Colorado (Leonard and Berry, 1961). This Upper Cretaceous unit is 
approximately 300 feet thick in the study area and it contains the lower Fairport Shale 
Member and the upper Blue Hill Shale Member. The Fairport Shale member contains 
alternating beds of shale and chalky limestone. The upper Blue Hill Shale Member 
contains fissile shale which is blue to grey in color. Some selenite crystals are present 
(Leonard and Berry, 1961). Although this formation is not water-bearing, it constitutes 
the majority of the bedrock beneath the well-field.  
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Pleistocene Deposits 
 Pleistocene units within the region have been distinguished in the past by using 
various names. Near the study area, Lower Pleistocene deposits are often named after the 
age in which they were deposited (Table 1). The Nebraskan, Kansan, and Yarmouthian 
age rocks represent a large portion of the terrace deposits found. Within Kansan Age 
rocks, the Grand Island Formation is present in some areas. The Illinoisan Crete and 
Loveland Formations, along with the Wisconsin age Peoria Formations, overly these 
deposits (Table 1). The unconformable and discontinuous nature of these deposits makes 
them difficult to distinguish from one another in this area of Kansas. Prior studies have 
classified them as “Undifferentiated Pleistocene deposits”. 
 Nebraskan aged alluvium formed during the Lower Pleistocene and are remnants 
of stream deposited channel fill (Leonard and Berry, 1961). Generally considered to be 
reworked fragments of previously deposited Ogallala Formation, they are composed of 
sand and gravel. This gravel contains chalk pebbles and pebbles of algal limestone and is 
loosely cemented with calcareous material (Leonard and Berry, 1961).  An area of 
recharge within this zone was suggested to lie northwest of the City of Victoria (Leonard 
and Berry, 1961). 
 Also considered channel fill, the lower Grand Island Formation includes 
sand/gravel with some large cobbles and re-worked fragments of the Carlile Shale. The 
upper Sappa Formation includes white fine grained silt and silty limestone. Within the 
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stratified silts are thin lenticular stringers of gravel or sand (Leonard and Berry, 1961). A 
thin layer of white ash has been found in some portions of this formation and has been 
identified as the Pearlette Ash bed. This ash layer has been found in areas near the well-
field and could serve as a possible marker unit within the stratigraphic column. 
 The Crete and Loveland formations are considered to be Illinoian in age and can 
be as thick as 40 feet. The Lower Crete Formation has coarse well sorted sand and gravel. 
The majority of this material was reworked and redeposited Ogallala sediment; however, 
some material is from the Niobrara and Grand Island formations (Leonard and Berry, 
1961). Some coarse deposits grade upward and are cross-bedded and lenticular. The 
stratigraphically higher Loveland Formation consists of yellow/buff stratified silt with 
thin lenticular bodies of sand and gravel. Along with these infill deposits, friable 
discontinuous red-brown eolian sediment can also be found in the region (Leonard and 
Berry, 1961).  Eolian silt has also been identified as Peoria Formation in the county. 
 Undifferentiated Pleistocene surface and subsurface deposits exist along Big 
Creek and North Fork Big Creek. The lower part of this rock designation contains sand 
and gravel with some thin stringers and layers of clay and silt, resembling the Crete 
Formation. The upper portion of these deposits are massive with some minor 
stratification. Tan, brown and buff calcareous silt and sandy silt may belong to the 
Loveland or Peoria formations (Leonard and Berry, 1961). Some indications of past soil 
horizons and massive bedding indicate weathering processes which have made these 
deposits complex for identification. 
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 Alluvial deposits have likely formed during two major alluvial cycles. These 
deposits follow the current riverbed with nearly a quarter mile of infill around the 
channel. The coarse lower alluvium is likely re-worked Ogallala sediment and older 
Pleistocene material. The upper portion is soft friable gray silt and sandy silt (Leonard 
and Berry, 1961). Near the well-field study area, the alluvial sediment, nearby terrace 
deposits, and high terrace features may be hydraulically connected and may require 
further investigation to determine their relationship.  
Depositional Setting 
 The historical processes that affected Big Creek in Central Kansas occurred as 
fluvial scouring, erosion, and channel infill during Pleistocene times. During the Late 
Miocene (referenced as Pliocene in older literature), development of the Ogallala 
Formation occurred during uplift in western portions of the state, forming a relatively 
featureless aggradational plain. This plain contained streams which flowed downgradient 
to the east. Rivers deposited large amounts of sediment, some as thick as 300 feet. As this 
sediment eroded during the early Pleistocene, a vast amount of sediment was scoured and 
left as terrace deposits in highland areas of the region (Leonard and Berry, 1961).  
During Kansan time, erosion had begun to form channels near the present day 
drainage system. Deposits of the Pearlette Ash bed often indicate locations where the 
ancestral rivers once flowed in the area. During Illinoisan time, a larger stream may have 
deposited thick accumulations of gravel thought to be the Crete Formation (Leonard and 
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Berry, 1961). However, this is more unclear for some areas of Big Creek and has not yet 
been differentiated. During the Wisconsinan Stage, the low terrace along Big Creek likely 
formed. Relatively minor channel down cutting occurred and entrenchment into the 
underlying Cretaceous bedrock apparently was not extreme. Big Creek received 
relatively minor erosion during Recent times, but the area did see times of silt deposition 
on the flood plain (Leonard and Berry, 1961). 
METHODS 
Several project objectives have been identified and will aid in characterizing the 
local influences effecting the aquifer. These objectives include a geologic cross-section, a 
hydrograph analysis, generation of water table contour maps, aquifer pump testing, and a 
watershed analysis for the area. Background information, methodology, analysis, and 
discussion have been provided for each project objective. The information gained from 
these findings will be applied in the delineation of a potential source water assessment 
area. 
GEOLOGIC CROSS-SECTION 
Background Information 
In order to determine the subsurface stratigraphy underlying Victoria’s municipal 
well field and to establish the key components of the aquifer, a geologic cross-section 
was created using five water well lithology logs. After the review of previous studies, it 
was determined that a proper distinction has not sufficiently been made between the 
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various Pleistocene terrace deposits, which lie along Big Creek in close proximity to the 
well-field.  
Methodology 
Data for this cross-section was obtained from a number of resources. The majority 
of the data was gathered from the City of Victoria’s record archives and consisted of well 
logs, driller notation, survey elevations, and water levels. Other information compiled for 
research came from the previously mentioned studies and from Elevation/Land Use data 
at Kansas’ Data Access and Support Center website (DASC). Well locations 
(Latitude/Longitude) were found online at Kansas’ Water Information Management 
Analysis System (WIMAS, 2014). 
It should be noted that some ambiguity exists within the well logs and driller 
descriptions. A number of wells had data and descriptions that were vague and sometimes 
insufficient. The municipal wells included in the cross-section were wells 12, 13, and 14 
in the northern portion of the well field (Tables 2 through 6). Figure 4 shows the well 
numbering and locations. In the vicinity of Wells 10 and 11, offset test hole data was 
included and is identified as TH3-14 (Well #10 Offset) and TH2-14 (Well #11 Offset) 
both in the lithologic logs and in the geologic cross-section (Ned Marks, personal 
communication). 
A transect line was made, dissecting the well field in a South to North orientation 
(Figure 5). Points A and A’ represent the starting and stopping points of the cross-section 
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(Figure 6). Point A signifies Well #10 Offset at the southern portion of the well field near 
Big Creek. Point A’ lies at the northern extent of the well field and represents Well #14. 
The total length of the transect line was 10, 293 feet and was measured using Google 
Earth’s distance feature.  
An elevation profile was created using ArcMap 10 (ESRI) and LiDAR data from 
the Kansas Data and Support Center (DASC). The profile line showed topography of the 
land surface. Once displayed to the scale of the cross-section, it was determined that the 
digital representation of the surface did not need to be represented on the cross-section. 
The scale at which the cross-section was drawn would not accurately depict these surface 
elevation changes. Features, which can be easily distinguished on a LiDAR Bare Earth 
Elevation raster image of the study site, were not accurately represented by the vertical 
topography profile line (Figure 7).   
Using AutoCAD 2015 software, the wells were hung at the proper elevation and 
scale was determined for well spacing and vertical elevation (Figure 6). Elevation was 
established at the ground level, taking into account the configuration of the well head 
assembly at the surface. Each municipal well had previously been surveyed for elevation, 
with an established benchmark being placed on the concrete base of each well house. 
These bench marks were established from previous engineering studies found in City 
archives. The offset well elevations (Well #10 Offset and Well#11 Offset) were surveyed 
in relation to the established bench mark on the concrete base of the nearby well houses 
(Table 7 and 8), thus determining the ground and well head elevations. Each well’s 
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lithology was depicted according to the well logs and driller notation (Tables 2-6). The 
lithology changes were then correlated across the field based on similarities within the 
descriptions (Figure 6).  
Analysis and Correlation 
Three main deposits were distinguished throughout the whole cross-section and 
several feet of topsoil were correlated on the surface throughout the entirety of the 
section. Different layers of sandy clay were correlated, ranging in color from tan to 
yellow to brown. All of the wells had relatively thick, water-bearing sand and gravel 
sediments present near the base of the wells. Portions of the well field contained 
stratigraphic layers which were described in similar fashion to adjacent wells, but 
sufficient descriptions were not available for correlation between all wells. Well #11 
Offset, Well #12, and Well #13 exhibit lenticular bodies within the cross-section (Figure 
6). More information is needed to determine the extent of these lenticular bodies.  
Surface topology of the wellfield indicates a drainage way running from 
northwest to southeast, towards Big Creek (Figure 5). Drainage channel scouring and 
sediment deposition from this small creek, overtime likely altered sedimentation. Direct 
correlation for these lensoid layers is very is very complex. It is likely that sediment in 
these areas are deposited in small, isolated layers, rather than large, flat, continuous 
layers. More study is necessary before conclusions can be drawn.  
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Below the gravel pack throughout Wells 12-14, a thin white shale was described 
in well logs. This white shale may represent the Pearlette Ash bed and could be used as a 
stratigraphic marker to determine stratigraphy across the field. Again, more information 
in the form of an expanded cross-section is needed before this concept can be verified. 
Also, outcrop investigation in the area may lend more information and allow for proper 
lithologic description of this white layer. The impervious bedrock represented by “Black-
Blue Shale” in the cross-section represents an eroded surface of the Blue Hill Shale 
Member of the Carlile Shale Formation, previously described by Leonard and Berry 
(1961).  
Results from the cross-section validate the work previously conducted in the area. 
Since the water-bearing gravel deposit can be correlated throughout the entirety of the 
well field and there is no indication that other stratigraphic layers in the well field which 
produce sufficient water, additional investigation may not be necessary to differentiate 
between the individual layers within the Pleistocene deposits.  
HYDROGRAPH ANALYSIS 
Background Information 
Historical water level data for the well field was created and maintained by City 
of Victoria employees. This data not only aided in research efforts for this study, but 
serves as a good indication for City staff about the condition of the individual wells and 
the well field as a whole. For this study, these water level measurements were compiled 
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and used to evaluate the well field in relation to regional precipitation, water level 
depletion, and recharge. 
 Records in paper form were provided by City of Victoria staff, covering a time 
period between 2004 and 2014. These records showed information gathered from each 
well house visit. The date, static water level in feet and inches, pumping water level in 
feet and inches, and meter readings in gallons was included for each of the wells. Data 
entry dates seemed to follow a monthly pattern, with measurements taken on or around 
the same date each month. It should be noted that several of the wells were missing 
numerous years of water level data. In addition, some wells did not have consistent data 
for each month of a given year.  
Assuming water level measurements follow current staff practices, each 
measurement was made with a water level indicator (or sounder) lowered into the well 
casing. The depth to water was read from the tape and recorded, both for static and 
pumping measurements. A measuring point elevation was established and utilized for 
each well. The variability for this measurement methodology should be minimal. 
However, the inconsistency of the sample intervals may hinder application of the data.  
Methodology 
For this study, the historical water level elevation data was digitally input into 
Microsoft Excel. Graphs were made to display the depth to static and pumping water 
levels in respect to the sample date (Figure 8). Pumping water levels were recorded and 
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graphed, but they are not included in the analysis of the well field. Although these 
pumping levels serve as an indication of well efficiency, it is beyond the scope of the 
project to analyze each well for this parameter. 
Analysis 
In an attempt to identify any trends in data, the static water levels were graphed 
along with precipitation data. The precipitation data used was recorded at the Kansas 
State Research and Extension Office in Hays, Kansas (approximately 12 miles from the 
study site) (WKARC, 2015). Monthly precipitation data was first used, however, months 
with extraordinary rainfall totals seemed to skew the data. Also, static water levels did 
not appear to fluctuate when evaluated at monthly intervals.  
The monthly precipitation data was then combined to show yearly precipitation 
totals. This yearly statistic shows conditions of the area in a more “regional” sense. When 
compared to static water levels, years of low precipitation did reflect a lower static water 
levels. A graph of Well #14 static water level vs. yearly precipitation shows this trend 
(Figure 9).  
Discussion 
Although other factors may contribute to this trend, it can be assumed that the 
recharge of the aquifer does vary with the amount of precipitation falling in a given year. 
Not only do these hydrographs serve as an important aid in evaluating well performance, 
they also shed some light on the recharge characteristics of the aquifer. If more detail is 
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applied to sampling methodology and sample frequency, it may be possible to better 
correlate the recharge effects of precipitation in the area, specifically in regards to stream 
aquifer interaction. 
WATER TABLE CONTOURS 
Background Information 
 Previously, a study by the Kansas Geological Survey was conducted in portions 
of southern Ellis County along with areas of Trego and Rush counties in central Kansas. 
The study served as a comprehensive overview of geology on a regional scale, paying 
particular attention to groundwater. As a part of this study, water depths were compiled 
for various wells spread throughout Trego, Rush, and Ellis counties. Irrigation wells, 
domestic wells, and test bore holes were all used to render a contour map of the 
groundwater surface (Leonard and Berry, 1961). Near Victoria’s municipal well field, 
test holes were bored along the eastern portion of a nearby county blacktop running 
North-South (Pfeifer Avenue).  
 The KGS established a regional trend in terms of groundwater movement (Figure 
10). Near Victoria’s well field, the water gradient is shown to move from the northwest to 
the southeast. It is necessary, however, to determine the specific groundwater movement 
within the well field. This is completed using data from the wells themselves, with the 
previously established regional trend as a guide.  
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The term “water table” is used throughout this study and it is considered to be 
synonymous with “phreatic surface”. The term “water table” is used to maintain 
uniformity with previous studies and to be consistent with the terminology used within 
the industry. 
Methodology 
 In order to generate a current water table contour map for the well field, data was 
obtained through city records. These records were maintained by city staff, with data 
going as far back as 2004. The records generally consisted of monthly visits to each well, 
with the employees taking both static and pumping water levels. However, it should be 
noted that there were some gaps in record where no water level was recorded. Some 
variance in sample dates occurred as well, with the assumption that city staff visited as 
time permitted within their schedule. To simplify the data manipulation process, only 
water levels for 2004 and 2014 were analyzed to generate a contour map. For 
consistency, static measurements nearest to January 1st of each year were used. No 
attempt was made to distinguish between any seasonal variations or changes in pumping 
schedules made by the city. 
 Each well had an established measurement point for city staff to consistently 
measure the water depth. This measuring point (MP) was usually located on a pipe which 
accessed the upper casing of the well. On some wells, a MP had been indicated by a mark 
on the sidewall of the well casing. The distance from the MP to the floor of the well 
 
 
20 
 
house was measured. The floor elevation of each well pad was established by a previous 
engineering study obtained in the City archives. The MP elevation was established by 
adding the height of the MP to the floor elevation.  
 Water level values for each well were calculated by subtracting the static water 
levels from the MP elevations. Using Microsoft Excel, a simple spreadsheet was made 
using water level data for both 2004 and 2014. This spreadsheet was then loaded into 
Surfer 8 (Golden Software). The dataset was illustrated using the “Kriging” gridding 
method. Groundwater contours were created and displayed at three foot intervals in order 
to best represent the data. The Surfer contour file was then exported as a shapefile that 
could be displayed within ArcMap 10 (ESRI).  
Discussion 
 The completed contour maps show the ground water level throughout the well 
field. Both 2004 (Figure 11) and 2014 (Figure 12) maps show similar contours. The water 
table, however, has dropped between 2004 and 2014. Although the gradient of the water 
table has not changed significantly in 10 years, the drop in elevation of the water table as 
a whole can be visualized when comparing the two maps. An example of this decline can 
be seen near Well #13 as a 2.5 ft. drop in water table elevation. Nevertheless, the ground 
water flow direction, or gradient, is consistent with the previous KGS study performed in 
1961 (Figure 10).  
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Some differences do occur in the southern portion of the well field, near Well #10 
(Figure 12). In this area the groundwater contour lines change direction, indicating flow 
is traveling in an easterly fashion. This is opposed the southeast trend established within 
the region. The groundwater contour lines seem to match a bend in the river, occurring 
near Well#10. This holds significance for the delineation of the proposed Source Water 
Assessment Area and indicates a new area of concern near the well field.  
AQUIFER PUMP TEST 
Background Information 
In order to determine the aquifer characteristics of the test area, an aquifer pump 
test was performed on three wells within the well field. An aquifer pump test was chosen 
as the best experiment for this site because of the equipment and labor available for the 
study. The aquifer pump test is also established within the industry to be one of the most 
accurate methods to estimate aquifer parameters (Kasenow, 2010).  
The major function of an aquifer pump test is to stress the aquifer by pumping its 
water to the surface at a constant rate. The drawdown and recovery of the water level 
within the well is monitored and analyzed to find several parameters which characterize 
the aquifer. These parameters are then used to define a cone of depression and eventually 
find an area of influence for each well. The three major components typically calculated 
from the aquifer pump test data are hydraulic conductivity (K), transmissivity (T), and 
the storage coefficient (S) (Kasenow, 2010).  
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 Operating in two functions, an aquifer stores water and also acts as a conduit 
system for water transmission. Water generally travels through aquifers by three modes: 
through openings between grain particles, joints/faults, or solution channels (Driscoll, 
1986). This property of the formation to transmit water is termed hydraulic conductivity 
(K). Hydraulic conductivity can be defined as the capacity of a porous medium to 
transmit water. Hydraulic conductivity is a function of the size and shape of the pores, the 
effective connections between those pores, and the physical properties of the fluid which 
is transmitted through the water-bearing formation (Driscoll, 1986).  
In his description of hydraulic conductivity, Kasenow also states that “Hydraulic 
conductivity is the rate at which a geologic material can transmit a liquid under a 
hydraulic gradient”, with a particular emphasis on the term “hydraulic gradient”. The 
presence of a hydraulic gradient distinguishes hydraulic conductivity from the common 
term of “permeability” (Kasenow, 2010).  
 Hydraulic conductivity can be expressed as: 
ܭ =
ܳܮ
ܣ∆ℎ
=
ܳ
ܣ݅
 
 Where: K=hydraulic conductivity 
  Q= ground water discharge 
  A= cross-sectional area of flow 
  h=head loss 
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  L= distance along flow path 
  i= h/L= slope of the potentiometric surface 
Driscoll goes on to explain that hydraulic conductivity “describes the quantity of 
water that will flow through a unit cross-sectional area of a porous medium per unit time 
under a hydraulic gradient of 1 at a specified temperature”. K is generally expressed as 
flow in gallons per day through a cross section of one square foot of water-bearing 
medium under a hydraulic gradient of one at a temperature of 60 Fahrenheit. Values for 
K usually range from 10 to 5,000 gpd/ft2 (Driscoll, 1986). 
Transmissivity is another parameter which can be calculated from aquifer pump 
test data. The term transmissivity can be defined as “the rate of flow in gallons per 
minute through the vertical section of an aquifer one-foot-wide and extending the full 
saturated height of an aquifer under a hydraulic gradient of 1” (Driscoll, 1986). The terms 
transmissivity and transmissibility are synonymous (Driscoll, 1986) and the units of 
transmissivity are gallons per day per foot (gpd/ft) (Kasenow, 2010). The term of 
transmissivity is very similar to hydraulic conductivity, however, transmissivity takes 
into consideration the entire thickness of the aquifer.  
Transmissivity can be expressed as (Kasenow, 2010): 
ܶ = ܭܾ 
Where: K= hydraulic conductivity 
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 b= aquifer thickness (also known as saturated thickness) 
Transmissivity values have a large range of less than 1,000 gpd/ft to over one 
million gpd/ft, however, values lower than 1,000 gpd/ft generally can only supply 
sufficient water for low-yield wells. Values at or above 10,000 gpd/ft for transmissivity 
are considered adequate for municipal or large-scale water use (Driscoll, 1986). 
Discharge rates during the aquifer pump tests performed on the City of Victoria’s well 
field ranged from 14 to 185 gallons per minute (gpm) (Appendices B, D, & F) . 
The amount of water that a unit volume of unconfined aquifer can release by 
gravity is considered to be its specific yield. Rock and sediments such as clay and shale 
have low (0.5-10%) specific yields, while sands and gravels have high (15-30%) specific 
yields (Driscoll, 1986). Specific yield and storage coefficient can be considered 
equivalent terms when dealing with an unconfined aquifer. The coefficient of storage is 
the result of pressure changes within a confined aquifer (Driscoll, 1986).  
The volume of water that an aquifer releases per unit surface area of the aquifer 
when the head is lowered a unit distance, is defined as the storage coefficient (S) which is 
a unitless measure (Kasenow, 2010): 
ܵ =
ݒ݋݈ݑ݉݁ ݋݂ ݓܽݐ݁ݎ
ሺݑ݊݅ݐ ܽݎ݁ܽሻሺݑ݊݅ݐ ܿℎܽ݊݃݁ ݅݊ ℎ݁ܽ݀ሻ
 
Values of S range from 0.01 to 0.3 in an unconfined aquifer and 10-5 to 10-3 in confined 
aquifers (Driscoll, 1986).  
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 These three values are considered to be very important when evaluating the 
subsurface characteristics of a well field. In a basic explanation, transmissivity is a 
parameter which describes how much water can move through a system while the storage 
coefficient indicates how much water a system can hold. In order to calculate these 
parameters, the pump test data is analyzed. With this information, predictions can be 
made regarding the drawdown at various distances, the effect of surrounding wells, and 
the drawdown in the aquifer at various pumping rates (Driscoll, 1986). Specifically, 
information regarding the cone of depression caused by pumping can be determined, 
shedding light on the areas that influence the immediate recharge of the well field. 
Methodology 
 Three aquifer pump tests were performed in the well-field to determine 
subsurface parameters effecting the cone of depression. Well #10, Well #11, and Well 
#14 were chosen to represent the well field because of their locations (Figure 5). Well 
#10 is located in the southernmost extent of the well field, while Well #14 lies at the 
northernmost extent. Well #11 is situated near the middle. This geographic coverage was 
considered sufficient to represent the entirety of the well field, while also limiting the 
labor necessary for each test.  
 The method used for each aquifer pump test respected common practices 
performed within the industry. Specific guidelines were followed from several sources, 
with the main resource being the work of Fletcher Driscoll in his book “Groundwater and 
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Wells, Second Edition”. Supplemental information was also referenced from the EPA’s 
Handbook “Ground Water Volume II, Methodology,” and Michael Kasenow’s “Applied 
Ground-Water Hydrology and Well Hydraulics.” 
 The aquifer pump test was initiated by first ensuring a stable, resting water level 
within the test well. This was accomplished by coordination with city employees, 
verifying that the wells would not be pumped for a substantial period of time prior to the 
test. Each well had been shut off prior to testing for a minimum of one hour, with most 
being off for approximately 12 hours (overnight). 
 Upon arrival to the well location, the pump meter was read. This meter reads the 
discharge volume of the system (Q). The manufacturer, model number, and serial number 
of the pump was noted for reference. Equipment was then set up. Equipment used for 
each test included a Solinst water-level indicator (Serial Number 09442) and a stopwatch. 
A point on the well casing is then established as a measuring point. A static water level 
by lowering the water-level indicator into the well annulus until the water-level indicator 
sounds, with the value on the tape being the total depth to water.  
 Each test is started the instant the pump produces water. While the well is 
discharging water, water level measurements are made at predetermined times. This is 
referred to as the drawdown phase of the experiment. The reading times for each 
measurement ranged from 1 minute to 30 minutes intervals (Appendix A). While the test 
is progressing, meter readings are recorded to ensure a consistent flow rate. Discharged 
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water was released into the City’s water lines in order to decrease unnecessary waste. It 
should be noted that the City of Victoria was already implementing water use precautions 
due to extreme drought and open discharge from the well field was not an option. 
Additionally, pressure readings were noted to describe any outside influences on the 
system.  
 After a period of several hours, the water level will reach a point of near 
equilibrium. During the three tests, this usually occurred between 3 to 5.5 hours of initial 
pumping. Once this equilibrium is determined, the recovery phase of the test begins.  
 The recovery phase of the test is initiated by turning off the pump and measuring 
the water levels as they rise, or recover, in the test well. All measurements are made in 
the same manner as the drawdown phase, with readings being recorded at predetermined 
times until the well fully recovers. This is confirmed when the well either reaches its 
initial static water level or the water level readings become stable for an extended period 
of time.  
Analysis 
 Although there are several methods of aquifer pump test data analysis, a simple 
but effective process was chosen for this study. The Theis equation, first developed in 
1935, takes into account the effect of pumping time on well yield, thus allowing the 
prediction of drawdown after pumping has started. Parameters such as hydraulic 
conductivity and transmissivity can be determined early in the pump test (Driscoll, 1986).  
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The Theis equation reads as follows: 
ݏ =
114.6 ܳ ܹሺݑሻ
ܶ
 
Where: s = drawdown in ft, at any point in the vicinity of a well discharging at a 
constant rate 
 Q= pumping rate, in gpm 
 T=coefficient of transmissivity of the aquifer, in gpd/ft 
 W(u)= is read “well function of u”  
  ݑ = ଵ.଼଻
మௌ
்௧
 
Where: r = distance, in ft, from the center of a pumped well to a point where the 
drawdown is measured 
S= coefficient of storage 
t= time since pumping started, in days 
Although useful, the Theis method has been avoided for this study because it 
involves a curve matching analysis that can painstaking. A simplification of the Theis 
equation, the Cooper-Jacob Solution can be used in correlation with the plotted aquifer 
pump test data to determine values for transmissivity and hydraulic conductivity 
(Driscoll, 1986).  
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Cooper-Jacob solution: 
ݏ =
264ܳ
ܶ
ܮ݋݃
0.3ܶݐ
ݎଶܵ
 
 In order to apply these equations, the data collected from the aquifer pump tests 
must be plotted graphically. Utilizing Microsoft Excel, the drawdown data from each 
well’s pump test was plotted on a semi-logarithmic graph. Plotted on the y-axis, the 
drawdown in feet was presented in inverse order. Time in minutes was plotted on the 
horizontal axis (x-axis). When properly displayed, the plot shows the relationship of the 
drawdown within the well with respect to the elapsed time and is otherwise referred to as 
a “Time-Drawdown” plot (Figure 13). It should be noted that a similar process can be 
applied to the recovery data as well. Trends or curves are interpreted and a specific slope 
of the plot is identified. Using the slope (during one log cycle) from these plots, values 
for transmissivity can be determined using the following variation of the Cooper-Jacob 
solution: 
ܶ =
264ܳ
∆ݏ
 
 Where: T= coefficient of transmissivity, in gpd/ft 
  Q= pumping rate, in gpm 
∆s= slope of the time drawdown graph expressed as the change in 
drawdown during one log cycle  
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Once the transmissivity value has been established, another variation of the 
Cooper-Jacob solution can be utilized to determine the slope of a new line that can be 
plotted to determine distances in relation to drawdown of the water table. Values can be 
applied to the following equation and solved for ∆s (slope of the distance drawdown 
graph): 
ܶ =
528ܳ
∆ݏ
 
 A “Distance-Drawdown” plot can now be created. The “Distance-Drawdown” plot can 
be used to find the point of “zero” drawdown which establishes the outer reaches of the 
cone of depression. This is directly applicable to the zone of influence for the individual 
wells and can be combined with other information found during this study to determine a 
generalized area for source water protection.  
The “Distance-Drawdown” plot is drawn using a format comparable to the 
“Time-Drawdown” plot, with the drawdown plotted inversely on the y-axis and distance 
labeled on the x-axis in a logarithmic scale. The slope of the line starts along the y-
intercept at the point of maximum drawdown and is continued until it reaches the x-
intercept, thus indicating the distance at “zero” drawdown (Figure 15). 
 In order to apply the mathematical relationships described above, several 
assumptions regarding geologic conditions and well design must be taken into account. 
Specifically, Driscoll defines eight assumptions: “the water-bearing materials have a 
uniform hydraulic conductivity within the radius of influence of the well; the aquifer is 
----
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not stratified; for an unconfined aquifer, the saturated thickness is constant before the 
pumping starts; the pumping well is 100-percent efficient; the intake portion of the well 
penetrates the entire aquifer; the water table has no slope; laminar flow exists throughout 
the aquifer; and the cone of depression has reached equilibrium (Driscoll, 1986).” It 
should be noted that several of these assumptions do not directly reflect the conditions of 
Victoria’s well-field, particularly those involving well efficiency, the slope of the water 
table, and uniform hydraulic conductivity.  
 Other considerations must also be made when reviewing the data from the aquifer 
pump tests completed for this study. Proper application of the Theis equation should 
utilize a monitoring well (or multiple monitoring wells). However, this was not 
economical in relation to the scope of this study. In addition, methods described by 
Driscoll involve pumping a confined aquifer for a test duration of at least 24 hours and 
pumping an unconfined aquifer for a period of at least 72 hours at a constant rate. This 
was not feasible for this study, especially when taking into account that the wells were 
still connected to the City’s water supply and the wells would be necessary to 
consistently maintain the City’s demand without overloading the infrastructure. 
Discharge outside of the City’s water supply system was not considered because of the 
severe drought and water restrictions that were in place at the time of the study. These 
parameters were established with direct input from the City during initial project 
planning. Cooperation with city staff regarding well field management was an important 
component to the success of this study. 
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Discussion 
Using the methods of analysis described above, plots of each well were prepared, 
reflecting the drawdown and recovery data. Several different “best fit” lines were 
attempted for the drawdown and recovery stages of each test. A number of the attempts 
resulted in erroneous transmissivity and distance values. Using an interpretation of the 
conditions of the well field, the most appropriate slopes were chosen for each well. Along 
with determining transmissibility values, the “Time-Drawdown” plot can also be used to 
interpret geological conditions effecting the well. These boundary conditions are 
generally indicated by trend shifts in the data plot and can include recharge, vertical 
leakage, and impervious boundaries (Driscoll, 1986).  
 In describing the southern portion of the well field, Well #10 has a “Time-
Drawdown” plot that shows a somewhat sporadic trend (Figure 13). In the initial phase of 
the test, the values indicate an expected gradual drawdown. As the plot approaches seven 
to eight minutes, a change occurs as the slope begins to “flatten”. This change in slope 
likely represents a form of recharge occurring as the radius of influence increases. Well 
#10 lies at the southern edge of the study site, nearest Big Creek. Also, a small tributary 
creek to Big Creek runs directly adjacent to the well site, approximately 100 feet north. 
The resultant change in slope could represent recharge occurring directly from the small 
tributary creek or could indicate a larger recharge feature in conjunction with the Big 
Creek alluvial aquifer. A more detailed investigation may be necessary to determine the 
specific effects of recharge in this area. 
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 An observation was recorded during the aquifer pump test at a time of 26 minutes 
which indicated a higher than normal pressure reading at the wellhead. It was determined 
that other wells within the system had turned on at this time, thus increasing the pressure 
at Well #10. The change can be seen in the “Time-Drawdown” plot as an anomalous rise 
in the drawdown plot (Figure 13). The drawdown plot then drops suddenly at a time near 
80 minutes and then continues on a more gradual slope once again. Unfortunately, the 
data within this period cannot be used. The data after the anomaly should be interpreted 
with caution, as conditions in the subsurface may have also been effected by the sudden 
pressure changes introduced by the production system.  
 The trend slope for Well #10’s “Time-Drawdown” plot was drawn towards the 
beginning of the test, avoiding portions of the plot that may be reflecting recharge or 
pressure anomalies. After analysis, a transmissivity value of 10,500 gpd/ft and a 
hydraulic conductivity value of 1,750 gpd/ft2 was calculated. Similar values were 
calculated from the “Time-Recovery” plot (Figure 14). When plotted on a “Distance-
Drawdown” graph, a projected distance of zero drawdown was projected to exist 82 feet 
from the well (Figure 15). This value represents the total reach of the cone of depression. 
The distance value seems low in respect to the other tested wells in the well field.  
Several factors may be contributing to this, with the leading cause being the 
vicinity to recharge. Well #10 is the shallowest well in the well field, the closest to Big 
Creek, and it may be influenced by alluvial conditions more than the remainder of the 
well field positioned at higher elevations. In addition, Well #10 is not pumped 
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continually by the City of Victoria. In many instances, it is used as a supplemental well to 
counterbalance hardship in other regions of the well field. Well efficiency may also be a 
concern. Ideally, another aquifer pump test should be performed in order to gather data 
with respect to the anomalous portion of the test, paying particular attention to prior 
pumping schedules, past well development, and well maintenance schedules. It should be 
noted that an aquifer pump test performed in the winter months would allow the City to 
leave other wells off for an extended period without concern for the municipality’s water 
demand. 
 Situated in the eastern portion of the well field, Well #11 serves as a 
representation of the central expanse of the study site. The plotted data reveals a much 
more gradual and reliable data trend of drawdown values (Figure 16) than that of 
Well#10. After the first few minutes, the plot develops a gradual downward trend 
stretching from 4 minutes to 60 minutes. The slope of the best fit line was drawn from 
this portion of the graph. A similar trend was found on the recovery phase of the test as 
well. After analysis, the recovery data revealed a transmissivity value of 16,100 gpd/ft 
and a hydraulic conductivity value of 805 gpd/ft2 (Figure 17). When plotted on a 
“Distance-Drawdown” graph, a projected value of zero drawdown was drawn at 1,230 
feet from the well (Figure 18).  
 When analyzing the “Time-Drawdown” plot, a downward shift occurs after 60 
minutes of continuous pumping (Figure 16). The downward trend may indicate a 
boundary condition in effect within the radius of influence. An impervious boundary may 
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be interfering with a portion of the cone of depression, thus requiring the cone to expand 
and deepen more rapidly in all other directions. This is represented by a more rapid 
drawdown at the well (Driscoll, 1986). As previously determined in the Geologic Cross-
Section portion of this study, the water-bearing formations were likely scoured and 
infilled by small tributary creeks flowing towards Big Creek. Consequential “lenses” may 
have developed, therefore limiting the lateral extent of the aquifer. The boundary 
condition found in this aquifer pump test may be directly representing one of these 
“lenses”.  
A review of the LiDAR elevation data of the study site also indicates a small 
drainage area running near Well #11 (Figure 5). Significant elevation highs surrounding 
the wellsite also indicate topographic hills near the well. Substantial downcutting may 
have occurred in this region. This would alter the contour or contact of the bedrock 
formations near the well, consequently effecting the boundaries of the aquifer. Exposed 
bedrock lying to the east of the well field may suggest such erosion has occurred locally. 
In any case, the effect of this boundary condition may lead to a limited capacity for the 
City’s well during extended pumping. 
 The aquifer pump test for Well#14 exhibited a significant drawdown once 
pumping commenced. The static water level dropped nearly ten feet within the first 
minute of pumping (Figure 19). After the initial drop, a slope was established during the 
first trend observed on the plot. A similar slope was recognized on the recovery curve and 
was used to determine the slope of the corresponding “Distance-Drawdown” plot (Figure 
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20). A transmissibility value of 22,200 gpd/ft and a hydraulic conductivity value of 
13,100 gpd/ft2. When plotted on the “Distance-Drawdown” graph, a projected distance of 
zero drawdown was determined to be 1,380 feet. This distance represents the extent of 
the cone of depression for Well #14 (Figure 21).  
 After the above-mentioned trend, the data shows an inflection point near the 15-
20-minute period of the plot. The data seems to “flatten” as time progresses. This 
“flattening” of the data trend may be representing yet another boundary condition. 
Another source of recharge within the wellfield may be effecting the immediate area 
surrounding Well #14. The data then shows another inflection point occurring after 
approximately 100 minutes of pumping, resuming its original drawdown trend.  
 The data can be mapped to display the radius of influence for each well that was 
tested. Figure 22 shows these areas in relation to the groundwater gradient. Each red 
circle represents the extent of each wells influence into the surrounding aquifer.  
 After each well has been analyzed individually, the well field as a whole can be 
evaluated. Factors such as topography, land use, trees, water table gradients, watershed 
boundaries, and potential recharge boundaries can all be considered during a 
comprehensive evaluation of source water protection. The delineation will use the zone 
of influence calculated from these pump tests to identify specific areas of recharge for 
each well tested and will aid in detecting any immediate threats to the City’s water 
source. 
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WATERSHED DETERMINATION 
Background Information 
In order to understand the area influencing the well field, analysis was performed 
on elevation data to determine watershed boundaries. It is important to determine the 
drainage basin boundaries and direction of water flow surrounding the study site. This 
information can be used to understand potential recharge areas near the study site and can 
also be used to eliminate areas near the well field that have no effect on the portion of the 
aquifer that is used by the City of Victoria. 
Methodology 
 Using ESRI ArcMap Version 10.3.1, a digital elevation model was inputted. The 
digital elevation model (DEM) data was obtained through the United States Geological 
Survey’s National Map Viewer website. Once loaded into ArcMap 10 (ESRI), the data 
was manipulated using the Hydrology Spatial Analyst Tool within Arc Toolbox.  
 The following Toolbox processes were applied to the DEM data in order to 
determine the various flow directions and flow accumulations of the surrounding area: 
“Fill, Flow Direction, and Flow Accumulation”. Once the Flow Accumulations were 
determined, the display was modified to show the small creek tributaries in the area. A 
point shapefile was then created to determine the specific “pour points” at the confluence 
of each tributary. The “Snap Pour Point” feature was then executed. Using these data 
files, a watershed raster was created which divides the surrounding area and indicates the 
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surface water flow directions. Finally, the watershed raster file was converted to a 
polygon file to overlay the area surrounding the well field (Figure 23). 
Discussion 
 These watershed boundaries serve as a valuable tool to determine the specific 
boundaries of a proposed Source Water Assessment Area. When combined with water 
table contouring and the desired two-mile buffer of protection, as deemed necessary by 
the Kansas Department of Health and Environment (KDHE, 2004), a protection boundary 
can be established. Unless they allow surface water drainage into the protection zone, 
areas that cross into other watershed regions do not need to be considered as a threat to 
the well field and can be excluded from the Source Water Assessment Area. 
DELINEATION 
A delineation was performed for this study in order to determine areas of potential 
influence for the City of Victoria’s well field. The delineation takes into account all of the 
aspects previously discussed in this report. Specifically, concepts involving local 
geology, topography, water table gradients, and aquifer conditions are all combined in 
relation to watershed boundaries surrounding the well field. Finally, hazards concerning 
land use and contamination sources are identified within the determined source water 
boundaries.  
Figure 24 shows a two-mile buffer (represented in yellow) in relation to these 
established watershed boundaries. The contour lines of the 2014 water table values are 
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overlain on these watershed boundaries and establishes the direction of groundwater flow 
to be generally southeast. In addition, the pump test results display an immediate radius 
of influence for each well tested (represented in red shading). Finally, a proposed 
assessment area is drawn as a red line to depict the area within two miles of the well field 
that has the possibility of runoff or recharge that could reach the City well field (Figure 
25).  
 Before this study, a source water assessment area was drawn as a simple two-mile 
buffer surrounding each city well. Figure 25 shows that it is not necessary to include a 
large portion of this two-mile buffer, particularly the immediate area east of the well 
field. Watershed boundaries indicate that any runoff occurring in the area east of the 
wellfield will flow away from the wellfield and will continue west along Big Creek.  
 Now that a more detailed assessment area has been established, land uses that 
may adversely affect the wellfield can be evaluated. Figure 26 shows land coverage 
classes (DASC, 2014) in relation to the new source water assessment area defined by this 
study. The land coverage map shows that cropland and grassland are predominant in the 
assessment area. Consistent with field observations, this indicates agricultural uses such 
as farming and ranching within the area. Several small active and abandoned farmsteads 
were also noted within the proposed assessment area, some lying very near the immediate 
radius of influence established by the aquifer pump tests.  
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No immediate threats of commercial or industrial uses within the assessment area 
have been indicated. The nearest indication of commercial or industrial uses are found 
within the City of Victoria, well out of range of the protection area. Although no extreme 
hazards have been identified by this new assessment boundary, it does establish a basis 
for future planning for the City of Victoria. Justification can now be given to protect the 
City’s source of water. 
CONCLUSION 
 A source water assessment area has been recognized by federal and state agencies 
as a sufficient means of identifying hazards near public water supplies. Previously, a 
source water assessment area had been defined for the City of Victoria’s wellfield 
through means of a Source Water Assessment Tool (KDHE, 2004). The Source Water 
Assessment performed by the KDHE was intended to be a tool to help complete source 
water protection plans on a voluntary basis in a partnership among the KDHE, the water 
supplier, and technical assistance providers (Macfarlane, 2003). Acting as a “technical 
assistance provider”, it has been the purpose of this study to compile and document 
hydrogeological data, thus creating a more detailed assessment area that takes into 
account the specific features of the City of Victoria’s well field.  
 Utilizing previous studies, along with hydrographs, water table contours, lithology 
logs, a geologic cross-section, watershed analyses, and several aquifer pump tests, a more 
detailed source water assessment area has been identified. This new assessment area 
 
 
41 
 
shows the extent of land that has the potential to influence the City’s well field, either by 
runoff or recharge into the aquifer. Areas of immediate influence have been identified for 
several individual wells. Finally, land coverage was evaluated for areas within the 
proposed source water assessment area.  
 Through this study, the City of Victoria now has valuable documentation of the 
specific hydrogeological conditions that effect their wellfield. This information can now 
be applied to develop a Source Water Protection Plan. Future planning decisions that 
involve infrastructure improvements, well field expansion, or zoning can now be made 
while taking into account the hydrogeological conditions of the area. 
APPLICATION TO FUTURE RESEARCH 
 This study was performed in the hope of initiating further investigation into the 
City of Victoria’s water source. Through the research process, several limitations were 
encountered. These limitations hinder the accuracy of the data and therefore limit the 
understanding of certain hydrologic conditions within the well field.  
Additional research could include an extension of the water table contours. 
Similar to previous studies, one could evaluate the nearby irrigation and domestic wells 
surrounding the well field. This additional information would more accurately establish 
the gradient of the wellfield over the entire source water assessment area.  
 During the aquifer pump tests, only three wells were evaluated. These were 
considered sufficient to represent the entirety of the well field. Test data shows, however, 
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that conditions may be different for each individual well. Pump tests could be performed 
on each well the City has in operation. Also, the addition of multiple observation wells 
for each aquifer pump test would aid in data verification. Finally, stream-aquifer 
interaction in the vicinity of Big Creek may require more in-depth study. Although each 
of these research extensions would prove valuable for conceptual understanding, they 
should be approached with the consideration of economic impact for the City.   
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TABLES AND FIGURES 
 
FIGURE 1.) Map showing location of well field in relation to the City of Victoria, 
Kansas (DASC, 2014) (Figure created using ESRI ArcMap 10). 
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FIGURE 2.) Topographic map showing the City of Victoria’s municipal well-field along 
with USGS 10-foot contour lines (Figure created using ESRI ArcMap 10). 
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FIGURE 3.) Map showing land use in relation to Victoria’s municipal well field (DASC, 
2014) (Figure created using ESRI ArcMap 10). 
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TABLE 1.) Table showing Pleistocene formations in relation to their age (Modified from 
Leonard and Berry, 1961). 
AGE   STAGE FORMATION 
Pl
ei
st
oc
en
e 
U
pp
er
 
Recent Alluvium 
Late Wisconsinan Terrace Deposits 
Bradian Brady Soil 
Early Wisconsinan  Terrace Deposits 
U
nd
iff
er
en
tia
te
d 
De
po
sit
s 
Sangamonian Sangamon Soil 
Illinoisan Loveland/Crete  
Lo
w
er
  
Yarmouthian 
Sappa/Pearlette Ash 
Bed 
Kansan Grand Island 
Aftonian   
Nebraskan   
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Lithologic Log / Well Details 
 
Project: Victoria, KS PWS Date: 2/25/2014 Well ID: TH3-14 
Drilling Contractor: Clarke Well & Equipment Recorder: Ned Marks, Tyler 
Saryerwinnie 
 Elevation: 1884.5 Ft 
 
Formation Depth (Ft) Lithology 
0-5 Topsoil 
5-15 Silt, brwn clayey 
15-19 Clay, tan, firm 
19-25 S&G, vf-vc, arkosic, w/ Ls pieces & pebbles 
25-26 Clay, w/ thin Ls strks 
26-29 Clay, gray w/ lt blue streaks 
29-30 Shale, hard, lt gray, silty, cemented 
30-40 Shale, black to brn, firm, fissile; switched to 6” PDC 
40-81 Shale, black/brn w/ thin lt. gray-blue strks; (silt or ash?) hard 
(Graneros Shale?) 
81-190 IRREVELANT DATA FOR STUDY 
Note: Lithologic data below shale at 40-81 foot interval is irrelevant to this study and has 
been omitted. Information reflects hand written notation of the well-site geologist. 
TABLE 2.) Lithologic Log of Well TH3-14, also referred to as Well #10 Offset.  
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Lithologic Log / Well Details 
 
Project: Victoria, KS PWS Date: 2/21/2014 Well ID: TH2-14 
Drilling Contractor: Clarke Well & Equipment Recorder: Ned Marks, Tyler 
Saryerwinnie 
 Elevation: 1881.0 
 
Formation Depth (Ft) Lithology 
0-3 TS, drk brn 
3-7 Silt, brn 
7-9 S&G, vf-vc w/ pebble & Ls pieces 
9-16 Clay, brn 
16-20 Clay, brn-tan w/ some S&G strks 
20-36 Clay, brn-tan, firm, S&G 
36.0-36.5 Ls 
36.5-40 Shale, black-brw 
Note: Information reflects hand written notation of the well-site geologist. 
TABLE 3.) Lithologic Log of Well TH2-14, also referred to as Well #11 Offset.  
  
 
 
52 
 
Lithologic Log / Well Details 
 
Project: Victoria, KS PWS Date: 2/25/2014 Well ID: 12 
Drilling Contractor: Clarke Well & Equipment Recorder: City Archives 
 Elevation: 1915.17 Ft 
 
Formation Depth (Ft) Lithology 
0-3 Top Soil 
3-21 Sand and Sandy Brown Clay 
21-33 Sandy Clay and Limestone Streaks 
33-45 Brown L. stone, Sand and Gravel; Well Screen 
45-52 Sandy Grey Clay 
52-60 Sand and Gravel; Well Screen 
60-62 White Clay 
62 Shale 
  
  
Note: Information reflects graphic “Well Section” found in City archives. 
TABLE 4.) Lithologic Log of Well 12.  
  
I 
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Lithologic Log / Well Details 
 
Project: Victoria, KS PWS Date: 2/25/2014 Well ID: 13 
Drilling Contractor: Clarke Well & Equipment Recorder: City Archives 
 Elevation: 1906.06 Ft 
 
Formation Depth 
(Ft) 
Lithology 
0-2 Top Soil 
2-18 Sandy Brown Clay 
18-27 Yellow Clay 
27-38 Grey and Brown Sandy Clay 
38-54 Sand and Gravel; Well Screen 
54-55 White Clay 
55 Blue Shale 
Note: Information reflects a graphic “Well Section” found in City archives. 
TABLE 5.) Lithologic Log of Well 13.  
  
I 
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Lithologic Log / Well Details 
 
Project: Victoria, KS PWS Date: 2/25/2014 Well ID: 14 
Drilling Contractor: Clarke Well & Equipment Recorder: City Archives 
 Elevation: 1920.66 Ft 
 
Formation Depth (Ft) Lithology 
0-1 Top Soil 
1-28 Sandy Tan Clay w/ Broken Limestone & Streak of Sand @27’ 
28-35 Sandy Yellow Clay 
35-47 Sandy Brown Clay 
47-64 Sand & Gravel w/ Broken Limestone Med. to Fine; Well 
Screen 
64-65 White Clay 
66 Blue Shale 
Note: Information reflects a “Water Well Details” graphic found in City archives. 
TABLE 6.) Lithologic Log of Well 14.  
I 
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FIGURE 4.) Figure displaying the City of Victoria’s municipal well numbering and 
locations (Map generated using ArcMap 10, Data obtained through DASC). 
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FIGURE 5.) Figure showing the transect line for the geologic cross-section. The transect 
line from A to A’ represented as a yellow line (Map generated in ESRI ArcMap 10, Data 
obtained through city archives and DASC).  
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FIGURE 6.) Geologic Cross-Section of Victoria Kansas ‘Municipal Well-field (Transect line A to A’). 
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FIGURE 7.) Map showing Bare Earth Lidar elevation data of the City of Victoria’s 
municipal well field. Data from DASC (Figure created using ESRI ArcMap 10). 
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Base Elevation (Chiseled Square) 1886.46  
Height of Instrument +0.165 1886.625 
Ground Elevation -5.220 1881.030 
Southern Most Bolt on Well-head -3.530 1883.095 
Southeast Corner of Cattle Guard -1.820 1884.805 
 
TABLE 7.)  Table showing results of Well #11 Offset Survey. 
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Base Elevation (Chiseled 
Square) 
1888.77  
Height of Instrument +1.505 1890.275 
Ground Elevation -5.782 1884.493 
Measuring Point (Top of 
Casing) 
-3.450 1886.825 
 
TABLE 8.) Table showing results of Well #10 Offset Survey. 
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FIGURE 8.) Graph showing the static and pumping water levels of Well #14 over 10 
years alongside monthly precipitation (Figure created using Microsoft Excel). 
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FIGURE 9.) Graph showing the static water level in Well #14 alongside yearly 
precipitation (Figure created using Microsoft Excel). 
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FIGURE 10.) Map showing 1961 groundwater contour lines (feet) near the City of 
Victoria’s municipal well field (Leonard and Berry, 1961).  
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FIGURE 11.) Map showing 2004 water table level contour lines (feet) in relation to the 
City of Victoria’s municipal water wells (ESRI ArcMap 10 and Golden Software Surfer 8). 
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FIGURE 12.) Map showing 2014 water table level contour lines (feet) in relation to the 
City of Victoria’s municipal water wells (ESRI ArcMap 10 and Golden Software Surfer 8). 
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APPENDIX A.) Aquifer pump test data for Well #10. 
  
Project Date
10 Distance To 0 Meas Well ID: 11 10
Time of 
Day
Elapsed 
Time(Min
)
WL 
Below 
MP
Drawdown 
(Ft)
Elapsed 
Time 
(Min)
WL Below 
MP
Recovery 
(Ft)
7:55 0 23.82 0.00 0 25.18 1.36
1 24.46 0.64 1 24.52 0.70
2 24.72 0.90 2 24.31 0.49
3 24.85 1.03 3 24.19 0.37
4 24.91 1.09 4 24.12 0.30
5 24.94 1.12 5 24.09 0.27
6 24.96 1.14 6 24.06 0.24
7 24.98 1.16 7 24.04 0.22
8 24.98 1.16 8 24.04 0.22
9 24.99 1.17 9 24.03 0.21
10 24.99 1.17 10 24.02 0.20
11 25.00 1.18 11 24.01 0.19
12 25.00 1.18 12 24.01 0.19
14 25.00 1.18 14 24.00 0.18
16 25.01 1.19 16 24.00 0.18
18 25.01 1.19 18 23.99 0.17
20 25.00 1.18 20 23.98 0.16
25 24.96 1.14 25 23.97 0.15
30 24.93 1.11 30 23.97 0.15
8:20 35 24.90 1.08
40 24.88 1.06
45 24.88 1.06
50 24.88 1.06
60 24.88 1.06
70 24.89 1.07
80 24.90 1.08
100 25.08 1.26
120 25.10 1.28
150 25.13 1.31
180 25.15 1.33
210 25.16 1.34
240 25.18 1.36
City of Victoria 8/20/2014
Pumping Well ID
Aquifer Test
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APPENDIX B.) Aquifer pump test data for Well #10 (Meter and discharge information). 
Project Date 8/20/2014
Pumping Well ID 10 Meter Type AMCO Model # 4000 Serial # MQB50U4
ColdWater 2" turbine, 1 1/2 HP 10 GPM pump
Time of 
Day
Elapsed 
Time 
(Min)
Meter 
Reading 
(Gal) 
Q in GPM PSI
Elapsed 
Time
Rossum 
Sand Test
7:55 0 4176889 75 0
12.25 4177000 9.06122449 78 trace
26 4177230 13.1153846 95
30.5 4177300 13.4754098 97
37.2 4177400 13.7365591
51 4177603 14 100+ trace
65 4177807 14.1230769 100+
75 4177951 14.16 100+ trace
87.5 4178134 14.2285714 92
9:37 100.5 4178351 14.5472637 82 trace note: pressure fluctuating
122 4178714 14.9590164
150.5 4179195 15.3222591 82 trace
180.5 4179704 15.5955679
212.5 4180248 15.8070588 81
238 4180777 16.3361345 82 trace
14.1762519 gpmAverage Flow Rate:
Aquifer Test : Meter, Pressure, and Sediment Readings
City Of Victoria
I I I I I I 
l I I I I 
+ 
+ 
r -1-I I I L .. 
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APPENDIX C.) Aquifer pump test data for Well #11. 
Project Date
11 Distance To 0 Meas Well ID: 11
Time of 
Day
Elapsed 
Time(Min
)
WL 
Below 
MP
Drawdown 
(Ft)
Elapsed 
Time 
(Min)
WL 
Below 
MP
Recovery 
(Ft)
8:39 0 26.76 0.00 0 33.65 6.89
1 29.32 2.56 1 31.20 4.44
2 29.88 3.12 2 30.66 3.90
3 30.17 3.41 3 30.42 3.66
4 30.34 3.58 4 30.28 3.52
5 30.44 3.68 5 30.18 3.42
6 30.53 3.77 6 30.11 3.35
7 30.60 3.84 7 30.04 3.28
8 30.66 3.90 8 29.99 3.23
9 30.71 3.95 9 29.94 3.18
10 30.76 4.00 10 29.90 3.14
11 30.81 4.05 11 29.86 3.10
12 30.84 4.08 12 29.83 3.07
14 30.92 4.16 14 29.76 3.00
16 30.98 4.22 16 29.70 2.94
18 31.04 4.28 18 29.65 2.89
20 31.10 4.34 20 29.61 2.85
25 31.22 4.46 25 29.50 2.74
30 31.32 4.56 30 29.42 2.66
35 31.41 4.65 35 29.34 2.58
40 31.50 4.74 40 29.28 2.52
45 31.58 4.82 45 29.22 2.46
50 31.65 4.89 50 29.16 2.40
60 31.79 5.03 60 29.06 2.30
9:49 70 31.92 5.16 70 28.96 2.20
80 32.03 5.27 80 28.89 2.13
100 32.20 5.44
120 32.38 5.62
150 32.64 5.88
180 32.84 6.08
210 33.04 6.28
240 33.21 6.45
270 33.37 6.61
300 33.52 6.76
330 33.65 6.89
City of Victoria 7/25/2014
Pumping Well ID
Aquifer Test
I l_ I - - - -
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APPENDIX D.) Aquifer pump test data for Well #11 (Meter and discharge information). 
 
  
Project Date 7/25/2014
Pumping Well ID 11 Meter Type Amco 2" Model # T3000 Serial # 15984239
Time of 
Day
Elapsed 
Time 
(Min)
Meter 
Reading 
(Gal) 
Q in GPM PSI
Elapsed 
Time
Rossum 
Sand Test
8:39 0 37468438 20 0
4:20 37468700 76
5:59 37468800
6:59 37468861 61
14:15 37469300 61 76 15:30 <.1
9:10 30.48 37470300 60 76 <.1
9:40 60.46 37472100 60 76
10:42 123.46 37475849 59.5 78
211.46 37481058 59.2 77 <.1
301.46 37486364 58.96 78
330.46 37488071 58.86 78
59.815 gpmAverage Flow Rate:
Aquifer Test : Meter, Pressure, and Sediment Readings
City Of Victoria
- - - -
i 
i 
i 
i 
- - - - - - -
I I I I I I 
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APPENDIX E.) Aquifer pump test data for Well #14 
Project Date
14 Distance To 0 Meas Well ID: 14 Meas Pt 2.32'
Time of 
Day
Elapsed 
Time(Min)
WL 
Below 
MP
Drawdown 
(Ft)
Elapsed 
Time 
(Min)
WL 
Below 
MP
Recovery 
(Ft)
9:40 0 33.10 0.00 0 49.34 16.24
1 42.60 9.50 1 40.76 7.66
2 45.20 12.10 2 38.32 5.22
3 45.66 12.56 3 37.29 4.19
4 46.41 13.31 4 36.73 3.63
5 46.68 13.58 5 36.42 3.32
6 46.90 13.80 6 36.20 3.10
7 47.05 13.95 7 36.04 2.94
8 47.18 14.08 8 35.91 2.81
9 47.28 14.18 9 35.80 2.70
10 47.35 14.25 10 35.70 2.60
11 47.44 14.34 11 35.62 2.52
12 47.50 14.40 12 35.54 2.44
14 47.60 14.50 14 35.42 2.32
16 47.69 14.59 16 35.31 2.21
18 47.76 14.66 18 35.22 2.12
20 47.82 14.72 20 35.14 2.04
25 47.93 14.83 25 34.98 1.88
30 48.02 14.92 30 34.84 1.74
35 48.10 15.00 35 34.73 1.63
40 48.16 15.06 40 34.63 1.53
45 48.22 15.12 45 34.55 1.45
50 48.26 15.16 50 34.47 1.37
60 48.35 15.25 60 34.35 1.25
70 48.43 15.33 70 34.24 1.14
80 48.50 15.40
100 48.64 15.54
120 48.81 15.71
150 48.96 15.86
180 49.12 16.02
210 49.23 16.13
240 49.34 16.24
City of Victoria 5/14/2015
Pumping Well ID
Aquifer Test
r r r I 
I I I I I - - - - -
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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APPENDIX F.) Aquifer pump test data for Well #14 (Meter and discharge information). 
 
  
Project Date 5/14/2015
Pumping Well ID 14 Meter Type McCrometer Model # NA Serial # 824244
Time of 
Day
Elapsed 
Time 
(Min)
Meter 
Reading 
(Gal) 
Q in GPM PSI
Elapsed 
Time
Rossum 
Sand Test
8:00 0.00 69161350
1.00 1 trace
49.08 69170500 186.4303178
55.60 69171700 186.1510791 trace
~10:05 84.92 69177100 185.4686764 trace
121.42 69183800 184.8954044 trace
183.75 69195300 184.7619048 trace
235.13 69204800 184.791392 trace
Average Flow Rate: 185.2137 gpm
Aquifer Test : Meter, Pressure, and Sediment Readings
City Of Victoria
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FIGURE 13.) Graph showing Well #10 Time-Drawdown analysis. 
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FIGURE 14.) Graph showing Well #10 Time-Recovery analysis. 
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FIGURE 15.) Graph showing Well #10 Distance-Drawdown analysis. 
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FIGURE 16) Graph showing Well #11 Time-Drawdown analysis. 
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FIGURE 17.) Graph showing Well #11 Time-Recovery analysis. 
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FIGURE 18.) Graph showing Well #11 Distance-Drawdown analysis. 
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FIGURE 19.) Graph showing Well #14 Time-Drawdown analysis. 
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FIGURE 20.) Graph showing Well #14 Time-Recovery analysis. 
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FIGURE 21.) Graph showing Well #14 Distance-Drawdown analysis. 
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FIGURE 22.) Map showing the radius of influence for the City of Victoria’s municipal 
Wells 10, 11, and 14 in relation to the groundwater gradient. The radius of influence is 
calculated from aquifer pump test data (Figure created using ESRI ArcMap 10). 
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FIGURE 23.) Map showing the computed watershed boundaries for the area surrounding 
the City of Victoria’s municipal well field (Figure created using ESRI ArcMap 10).  
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FIGURE 24.) Map showing the watershed boundaries which are located within 2 miles of 
each well (Figure created using ESRI ArcMap 10). 
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FIGURE 25.) Map showing the proposed source water assessment area in relation to the 
well field (Figure created using ESRI ArcMap 10). 
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FIGURE 26.) Map showing the proposed source water assessment area in relation to 
nearby land coverage (DASC, 2014) (Figure created using ESRI ArcMap 10).  
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